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ABSTRACT

Residues of organochlorine and organophosphorusf@uad in a lot of food items in different counstisome of
them are below the Maximum Residue Levels (MRLG)sarfe for health. Based on the review there acel fo
commodities containing residue above the MRLs getlifferent authorities like FAO and WHO and diffiet
countries legislation. Consumption of plant fooegucts having pesticide residues greater than tfl 8have
revealed to cause illness and chronic diseasesdarethe adequate daily intake (ADI) and acuterexfee dose
(ARTD). It's revealed that safety limits are assess1 comparison with ADI for short term exposureA®RfD. The
consumer is considered not to be at risk if théreded dietary intake of a pesticide residue doesaxceed the
ADI or the ARfD. However, monitoring and settingsneaximum residue levels for pesticide residue$ood
commodities is an effective control mechanism fdety of the consumers to combat health impactsoxit
chemicals. There is evidence to show that consomti organic crops is healthier than non-orgariic.most of
the research findings higher pesticide residuesfaumd in non-organic crops than organic ones, aigacrops are
also rich in antioxidants. Processing method likeshing, immersing, peeling, husking, cooking, hgind frying
are reported to reduce the level of pesticide nesith plant foods.

Key words: Organophosphorus pesticides residues, Organocélpssticide residues, Organic foods, Conventional
foods

INTRODUCTION

Pesticides are widely applied in a variety of dif@ ways during the production of foods to contha growth of

weeds and fungi or to prevent crop damage by isseuites, rodents, and other pests. Most sectorshef
agricultural production use pesticide to preverdgtpend to improve yield as well as quality of greduce [1].

They are also frequently used on crops posthateestolong storage life and improve quality. Despilteir use,
health risk of pesticides residues on food andrinkéhg water for the general population has besired [1, 2].

Pesticide can cause adverse health impacts nadebiy, disease, and birth defects (teratogenichgrhumans and
animals. Many of these chemical residues, espgaialtivatives of chlorinated pesticides, exhibibddcumulation
which could build up to harmful levels in the boaly well as in the environment [3]. Common effedtpeasticide

residues in human body include nausea, vomitingrddl vision, coma, difficulty in breathing, defitiyperactivity

disorder, disorder in foetuses and children [4}e WHHO estimates an annual three million casesutkaand severe
pesticide poisoning worldwide with some 220,000tkded5]. The majority of these cases of poisonind deaths
occur in developing countries, although far gregteantities of pesticides are used in the develapedtries [6].

Due to food safety and environmental reasons, lasxe been established in most countries worldwideet
maximum permissible levels of pesticide residuesrimps. Controls on pesticide residues in cropshased on
Maximum Residue Limits (MRLs). Maximum residue lisvare the highest levels of residues expecteck tim the
food when the pesticide is used according to ai#édragricultural practices [7]. MRL's are typigallange
between 0.01 mg/kg and 10 mg/agd are a useful means of enforcing acceptable pest@ittl inadequate a@s
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guide to human health risks from residues. Pesticigsidues that are below the MRL set by the Eumope
Commission are considered by regulators not to pekdo consumers or the environment, as theysayficantly
lower than concentrations for which negative healthenvironmental impacts can be detected in tigela¢ory
pesticide safety testing carried out as part of ghsticide approval process [8]. Analytical moriitigris often
conducted to determine if residues are presenfoiod safety, regulatory, product liability, qualityesearch and
food labeling purposes. The levels of these residoefoods are often stipulated by regulatory bsdie many
countries. Percentage of samples with residueslaglow the MRL in food of plant origin ranged frd20% to 60%
of the samples analyzed, exceed in MRLs ranged fr&% to 4.6% [9].

Different processing mechanisms which are use@daae pesticide residue in plant food productsrarestigated
by researchers. For the most part, pesticide resittufood commodities are reduced or concentratied several
processing such as washing, peeling, blanchingsiegand sterilization [10, 11].

Even though the use of pesticide for agricultunadoict is increasing in different areas of coumstribe health
impact of the pesticide residues is not well inigaged in developing countries. Awareness creationducting a
research and training of societies on the effestigide residue and how to keep safety of foo@ss Ipracticed. The
main aim of this article is to review the pesticidsidues in plant food products, impact of pedéciesidues
through ingesting of food on human health and teelmanisms used to reduce the residue in plant foods

Pesticide Residue in Fruitsand Vegetablesand their Health Effects

Fruits and vegetables provide essential nutrientsiman being. A high intake of fruits and vegetal{five or more
servings per day) has been encouraged not onlyeweept consequences due to vitamin deficiency Isd &
reduce the incidence of major diseases such asGaradiovascular diseases and obesity [12]. Hewsdke use of
pesticides during production often leads to thesgmee of pesticide residues in fruits and vegesadbfieer harvest.
Pesticide residues have toxic effects such asfémbeg with the reproductive systems and foetalali@yment as
well as capacity to cause cancer and asthma [D3heSof the pesticides are persistent and thereé@main in the
body causing long term exposure.

Most farmers and commercial producers are treateétdnd vegetable with pesticides on several donasduring
growing. This is because pesticide decrease tgiioduced by food infecting organisms, increase petdity and
are less labour intensive. The presence of pesticédidues is a concern for consumers becauseigestiare
known to have potential harmful effects on humamdpeKostik et al. (2014) reported that about 98.8#4he

samples that were found to contain residues wdbvbahe relevant MRLs. According to their investigas

cucumber was the crop with the highest number efigide residues with the predominant presence ethamyl,

(0.015-0.21 mg/kg), metalaxyl (0.04-0.16 mg/kg)J amidacloprid (0.017-0.036 mg/kg). Methomyl isaxbamate
insecticide with restricted use because of its iipicity to humans. The MRLs for methomyl and thicarb (sum
of methomyl and thiodicarb expressed as methomoyljHfe most of fruits and vegetables is set attBe mg/kg in
the Regulation (EC) 396/2005. The other pesticéidues found in cucumber samples were boscalidipsfmifos,

cyprodinil, fenhexamid, imidacloprid, metalaxyl ardbuconazole [14].

Many commodities contained more than one residue ppeduct, up to 9 residues in grapes and tea were
determined, up to 5-9 residues in citrus fruits ltkange, mandarins, lemons, peaches, pears ahebugsidues in
pomegranates, plums, cucumbers, tomatoes, straed@}. The most frequently detected pesticidédiess were
imazalil, thiabendazole, chlorpyrifos, maneb gropmcymidone, methidathion, lambda-cyhalothrinbeadazim,
iprodione, orthophenylphenol, vinclozolin, endoaalf pyrimethanil, fenhexamid, prochloraz, cyprogdiboscalid.
The reason of high detection frequency of thiabealdga imazalil residues is that these pesticidesvadely used

for post-harvest treatment of citrus fruits and s in order to preserve fruit during the transposcess which
may take several weeks [9]. Residues of theseqgmessi were found in 70% of the imported citrus tGuand
bananas at or below the MRL.

A study in Belgium revealed that pesticide residuese detected in 72% of the samples and standaeds
exceeded for 6% of the samples [15]. Neverthetbssexposure of the Belgian population to pesticetgdues (15
years or older) appears to be under control, eveanwconsuming frequently or high quantities of tfrand
vegetables. According to Claeys et al. (2011) faldeen there is an indication that high consumptid fruit and
vegetables could for some pesticides lead to aeeshing of the ADI (Acceptable Daily Intake) [15hd ADI is the
estimated amount of a substance in food, usualyessed in mg/kg on a body weight basis that camdpested
daily over a lifetime without appreciable chronimdj-term risk to any consumer [7]. The ADI is spttbe basis of
all known facts at the time of evaluation, takimgpi account sensitive groups within the populafex. children).
The consumer is considered not to be at risk ieftenated dietary intake of a pesticide residuesdmt exceed the
ADI or the ARTD [7].
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High level of pesticide residues was determinednported blackberries, strawberries and other bgrais well as
mangoes, papaya, pepinos, bitter melon, peas, bemgplant, spinach and other vegetables[16,17 Th
commodities with the highest level of pesticideidess found in China were cabbage, legumes andnieatard
[18]. According to [19] among thirty-eight batchet rape from a market in Shanghai (China) detertionaof
pesticide residues was performed in samples ugiegdirect sampling technique was obtained in onghba
chlorpyrifos residue was found at a concentratibh.03 mg/kg, which is above the MRL set by the MGAChina.
Chlorpyrifos inhibition of cholinesterase was thesnsensitive effect in rats, mice, rabbits, dogd e humans,
regardless of exposure duration [20]. AccordindJ® EPA in animals, significant inhibition of plasraad RBC
cholinesterase occurs at doses below those thaechrain cholinesterase inhibition. EFSA have detady
reference values for chlorpyrifos considering thel Af 0.001 mg/kg body weight per day and ARfD ob6@5
mg/kg body weight [21]. Apples, papayas, sweet pep@and strawberries were among products with ifeebt
percentage of samples with residues above the MRhd in Brazilian pesticide residues monitoringgsean. High
level of pesticide residues in pears, grapes/maigiitrus fruit, peppers, cucumbers, tomatoesptsawere obtained
in Lithuania [9].

A study in Ghana showed that pesticide residueg fgamd in all the monitored fruits and vegetaldeples from
all the selected markets from Kumasi metropolis.odmthe selected samples 37.5% of fruit and vetetsimples
analyzed contained no detectable level of the mogit pesticides, 19.0% of the samples gave resithdevels of
pesticide residues above the MRL, while 43.5% efsamples showed results below the MRLs [22]. Basethe
result they have suggested that the consumerseoKthmasi metropolitan city are exposed to concéntraof

pesticides that may cause chronic diseases.

Pesticide residue concentration in vegetables enal$ that the risk posed to consumers varies \highseason [7].
The winter season has the highest pesticide comtimis in vegetables that might accumulate inpeaeson’s body
and lead to fatal consequences in the long run.edew only methyl parathion residues have a sicguifi hazard
index, so this result is also pesticidependent. Methyl parathion is a pesticide thaisisd to kill insects on crops.
Exposure to very high levels of methyl parathiom & short period in air or water may cause deaibs lof
consciousness, dizziness, confusion, headachdisutiibreathing, chest tightness, wheezing, vamgitidiarrhoea,
cramps, tremors, blurred vision, and sweating [23].

Pesticide Residue in Grain and their Health Effects

Insects and pests can cause a loss in the qualitygaantity of grains and their products. The lessan vary
between countries and crops, but one estimate stgyga overall loss of around 40%. Another moressaent
suggests losses of 26 to 29% for soybean and wdeat30 to 40% for maize and rice. The same studgests that
losses for wheat could be as high as 50 per cehbut effective plant protection, and even higtmrdther crops.
The application of pesticide is widely used forigsabefore harvest and after harvest to protectgtians from
damage or loss. Cultivation and storage of graftsnorequire an intensive use of pesticides, whiey then be
found in grains and in foods prepared from thenj.[@real grains are treated with degradable pgdss¢cincluding
organophosphates, carbamates, synthetic pyrethesidsinsect growth regulators, both in storages il to
shipment in order to prevent insect infestationgadophosphorus Pesticides (OPPs) are widely usquidtection
of stored commodities [25]. They are used for p@strest treatments of wheat because of their velgtiow rates
of degradation under storage conditions that éxigractice. But post-harvest pesticides have lagacting much
attention because their residues in stored cem@ahsymay be hazardous to human health [26]. Ingdosrop
protection in the face of new pests and diseasesgel as resistant strains of current diseasdbkrely on a variety
of approaches. The well-managed use of differem$¢sels of pesticides (herbicides, fungicides, irsdes, etc)
must continue to play a key role. In face of tipiarticular attention should be addressed to pdsti@sidues due to
the common use of these compounds in agricultufe [Ehe Food and Agriculture Organization and Wdiliealth
Organization have recommended residue limits fardsmethrin, bromophos, carbaryl, chlorpyrifos-rgkth
deltamethrin, dichlorvos, etrimfos, fenitrothionenfalerate, malathion, methacrifos, permethrin, npkiwin,
pirimiphosmethyl and pyrethins used for the pratecof grains [28]

The consumption of grains contaminated witlganghosphate pesticides residues above the MRLs caseca
human health. People in direct contact withgan@hosphate pesticides can inhibit the enzyme acetyl-
cholinesteras¢AChE) and this enzyme inactivaté®e neurotransmitter acetylcholine the body, which cause
neurological problems [29].

A study in Pakistan on pesticide residue of cershlswed that wheat contained the highest concéeniraif
tested pesticides (HCH, BHC, DDT and Dieldrin) thamize and rice and maize contained much higher
concentration of pesticides than rice [29]. Accogdito Zia et al. (2009) pulses samples were alsando
contaminated with multiple pesticides especiallya@rand Mung contained high concentration of HCH and
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residues of methyl parathion were found maximumMasoor, followed by Mash and Mung. Wheat and barley
treated with methyl mercury fungicides led to arfehe worst epidemic in Iraq in 1992, in which J@T0 people
were poisoned and 6000 died [30].

The study in Poland revealed that out of 380 sasnpfedhe cereal grains, 62 % did not contain asydrees, 34 %
residues of plant protection products were belonit§, 3 % were above maximum residue limits [31¢cérding to
their investigation out of the analyzed cerealg, $mallest amount of plant protection productsduess was in
mixed cereal grains (below 10 %) and Avena graietofv 15 %) where as Hordeum and Triticum graing&@ioed
the highest content of plant protection producidigss (over 50 %).

A study in Nigeria on Organochlorine pesticide (QE€&sidues analyzed from cereal grains (Milletsin®a corn,
Maize) showed that Aldrin (0.03 to 0.13 mg/kg), Blaran (0.01 mg/kg), Dieldrin (0.018 to 0.02 mk/kéndrin
(0.0003 to 0.03 mk/kg), Endosulfan (0.005 to 0.afkg), Heptachlor epoxide (0.02 mg/kg), Lindanefto 1.25
mg/kg), Methoxychlor (0.03 to 1.17), Mirex (0.008@.02 mg/kg), DDT (0.04 mg/kg) respectively (Aneest al.,
2014). According to Anzene et al. (2014)ndane was the OCP whose level was detected inhtbbhest
concentration in all the grain samples (0.25 tb Infy/kg) which are above the 0.01mg/kg Maximumdesilimit
(MRLs) for Lindane stated by FAO/WHO (2013) [32]daalso the levels of Aldrin present in all the gsmaiwas
found to be above the FAO/WHO recommended MRLs evaiti 0.02 mg/kg for cereal grains. Most common
pesticides applied to food crops on field and dystorage are organochlorines [33].

M ethods Used to Reduce Pesticide Residuein Food

Now day'’s different types of pesticides are in ursdifferent countries for different types of crofmsprevent pests,
insects and weeds. Because of the expansion oflwiole trade, more foods which are treated by pstiare

being imported into different countries. These wuide trades increase the expansion of pesticidelues in

different areas of the world and it's the issue pablic health concern. There are safety concernshese

commodities due to reports of the presence of ldhangmicrobial agents in imported food producty] gesticides
in produce [34]. It's commonly known that pestigdean affect the nervous, endocrine, immune, aprbdeictive

systems. Infants, young children, the unborn, &edetderly are more susceptible to pesticide paigpn

Researchers have been conducted on the mechanisetute the effect of pesticide residues in fdbid.desirable

to reduce the levels of pesticide residue in formdkwer the exposure and risk to human health.[®4e of the

methods used to reduce the effect of pesticideduesin food is to eat organic crops than non-omannies.

According to the standard meta-analyses done bgr&r et al. (2014) the frequency of occurrenceaibctable
pesticide residues was four times higher in noraoigy crops than organic crops [35]. There are exids that
indicated organic food consumption can reduce exgo® pesticide residues in food [36, 37]. Orgarimps, on

average, have higher concentrations of antioxiddowger concentrations of Cd and a lower incideategesticide

residues than the non-organic comparators acrggsns and production seasons [35]. It's advisablednsume
foods rich in antioxidant to reduce effects of aficodisease by suppressing oxidative activity. Acréased dietary
intake of antioxidant/(poly) phenolic-rich foods fwotect against chronic diseases, including Cahdiscular

Diseases, certain cancers (e.g. prostate cancer)nanrodegenerative diseases [38, 39]. Signifigahtgher

frequencies of occurrence of pesticide residuesoimventional crops were also detected when datartexp for

fruits, vegetables and processed crop-based foads analyzed separately. Conventional fruits hakigher

frequency of occurrence of pesticide residues tlegetables and crop-based compound foods, whilagonation

rates were very similar in the different organioptypes [35] (Baranski et al., 2014). AccordingB@aranski et al.,
higher frequency of occurrence of detectable resida conventional fruits (75 %) than in vegetal{& %) may

indicate higher levels of crop protection inputénigeused in fruit crops, but could also have beea @ the use of
more persistent chemicals, different sprayer teldyies used and/or pesticide applications beingenadser to
harvest.

The second methods reported to reduce pesticidtueed food is washing. Washing may reduce peficesidue
in food commodities [40, 41&42]. Washing with watard various chemical solutions for domestic androercial

applications is necessary to decrease the pestieisidues from produce [43]. The efficiency of tlashing

treatments on pesticide removal depends on the imgsolution, the chemical properties of the pédéc the

surface area, the nature of the food, the lengtintd the pesticide is in contact with the foodd dhe formulation
and application method of the pesticide. Usualig, pesticide is lodged in the outer wax-like layamd then moves
to the inside, making washing and removal of thetipeles less effective [44].

Another method used to reduce pesticide residupsoisessing food commaodities especially fruit aedetables.
An important factor leading to reduction of anyide®s left on crops at harvest are processingrireats such as
washing, peeling, canning or cooking that the nigjoof foods receive prior to consumption [42]. Esuand
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vegetables like other foods pass through diffepeatessing treatments to increase the palatabilithe food. The
effects of food processing techniques have beendfdo reduce the pesticide residue levels excepases where
there is concentration of the product like in jogifrying and oil production [12]. Celik et al. @%9) also
investigated the effects of the food processingreges reduce the pesticide residue levels, exnemses where
there is concentration of the product like in jogi frying and oil production[41]. Pesticide resdievels in fruit
and vegetables may change due to processing, sypéeting, boiling, frying, fermentation, grindifith]. Cooking
also may reduce pesticide residues in food; boitiray remove only 35-60% of organophosphate residnds20-
25% of organochlorines [40]. No pesticide residwese detected in any of the samples of processgetakles and
fruits [14].

Husking and Immersing of fruit and vegetables aeported to reduce pesticide residues. Residues of
organophosphorus pesticides (Ops) generally erishe surface of fruits. The risk of OPs intake barreduced if
fruit is husked or immersed in water for some tibefore eating [45]. According to their study OPsirfd in
samples were chlorpyrifos, ethion, bromophos mettighchlorphos, carbophenothion, cyanophenphos, and
parathion in which contents were even lower thanit$ of detectioLOD) regulated in national standard of China.

CONCLUSION

The increasing applications of pesticide in différareas of the world initiate researchers to contheir study on
pesticide residue in food commodities and set aptintevels which may be safe for health. MRLs setifferent

countries/ or organizations legislation are goafidation for consumers in aspect of human healtisgective. The
ability to determine residues of toxicants in fasdcrucial to support efforts that are designegiotect human
health. Residues of organophosphorus pesticides)(@gre obtained in fruit and vegetables and sofhibemn are
above MRLs which may be toxic to human being. Mesidues of organochlorines (OC) are also foundrain

storages which are reported to cause health opdlople. Consumption of organic foods than conveatiavas

recommended to reduce pesticide residue and gaoldefidth of human being. Different processing medshbike

washing, peeling, cooking or boiling, frying, fermtation, grinding of food commodities were alsodstigated to
reduce pesticide residues. Appropriate use pestitidcrops before and after harvest is cruciahanagement of
the residues.
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